parameters such as filler size, method of preparation and the dispersion of nanoparticles into the polymer matrix [5] [6] [7] . Among the nanosized fillers, iron oxides have become of long standing interest, because of their diverse variety of applications in electronic, magnetic, optical, and mechanical devices [8] . Iron oxide magnetic nanoparticles are one of most studied nanomaterials, especially due to their magnetic properties, biocompatibility, biodegradability and low cost. Magnetoelectric materials are a relatively new class of materials, where their magnetic nanoparticles and polymer matrix allow a variety of applications in electronic, magnetic, optical, and mechanical devices [9, 10] . Magnetoelectric composites have become one of the most active research fields in the areas of materials science and engineering in recent years. Fe 3 O 4 nanoparticles and their composites have attracted enhanced attention and their critical size for superparamagnetic to ferrimagnetic transition has been determined to be near 30nm at room temperature [11] . PVDF/Fe 3 O 4 composites exhibit superparamagnetic behavior with the presence of Fe 3 O 4 nanoparticles, while the maximum for saturation magnetization was found to be 30.8 emu/g [12] . In composite films of PVDF/Fe 3 O 4 which are fabricated by solvent casting method, it was found that the inclusion of nanosized Fe 3 O 4 significantly enhances the crystallinity of PVDF and the ! phase content [13] . Also, increased crystallinity enhances the ferrimagnetic properties of these composites whereas the latter improves the thermal stability and polarization effects. In another similar system, differential scanning calorimetry measurements revealed that the crystallinity of PVDF decreased with the addition of Fe 3 O 4 , while the conductivity of the composite films increased with increase in Fe 3 O 4 content [14] . Fe 3 O 4 nanoparticles were found to form some 50 nm-5 µm conglomerates in the PVDF matrices while the size of these conglomerates increased with the increase in Fe 3 O 4 content [15] . Also, much work has been done in order to investigate the effect of carbon nanotubes (CNT) addition on the crystallization, the mechanical, electrical and thermal properties of PVDF/CNT composites. Furthermore the addition of a third phase in the form of inorganic inclusions has been explored with the aim to enhance the multifunctionality of the prepared ternary composites. For example, in very recent works on ternary PVDF/CNT composites it has been shown that the addition of graphene oxide enhances the thermal conductivity [16] , while BaTiO 3 incorporation greatly increases the dielectric permittivity [17] . The present work deals with a novel three-phase PVDF based system with CNT and nanosized Fe 3 O 4 as inclusions. To the best of our knowledge, there is no systematic work on PVDF/CNT/Fe 3 O 4 ternary composites in the literature. This system comprises a new type of multifunctional materials that combine the ferroelectric and piezoelectric properties of PVDF with the electrical properties of CNT and the magnetic properties of Fe 3 O 4 . Fe 3 O 4 nanoparticles were incorporated into the composites in various contents with CNT loadings well above the percolation threshold, where stable conductive networks were formed [18, 19] . The effect of Fe 3 O 4 nanoparticles on PVDF/CNT blends, and especially the insulating and barrier role of these inclusions on both, dielectric response and conductive network formation of PVDF/CNT matrix, was investigated in this study.
Experimental details 2.1. Materials
Samples were composed of PVDF with suitable additives (CNT, Fe 3 O 4 ) in the desired loading range of 4 to 19 wt% (total). More specifically, CNT content was kept constant and equal to 4 wt% while Fe 3 O 4 contents were 0, 5, 10 and 15 wt%. PVDF was compounded with the nanofillers using a lab scale twin screw compounder (Thermo Scientific) with counter rotating screws. A PVDF homopolymer, SOLEF 1008 (from Solvay Solexis) was used for the production of samples. The polymer had melt flow index (MFI) of 8 g/10 min at 230°C (under a load of 2.16 kg). Multiwalled CNT were obtained from Cheap Tubes Inc. with a mean outer diameter of <10 nm, length of 10-30 µm, purity >90% (by wt%) and an ash content of less than 1.5 wt%. No further purification or acid treatment of the CNT was carried out and the samples were used as-received. Fe 3 O 4 nanopowder was obtained from Aldrich with average particle size <50 nm and purity >98%. The PVDF pellets (500 grams) were mixed with the suitable weight of additive and then passed through the twin screw extruder. Extruder temperature profile was set at 150°C (at hopper end) with 10°C incremental changes across the heated barrel (165, 175, 185, 195°C) with a final temperature of 195°C at the die head. Temperature profile was set in such a manner that the polymer started to melt in the mid-dle of the barrel and then by the time it reached to the die head, the viscosity of it was reduced significantly. Polymer pellet-additive mixture was fed to the counter rotating screw at 13% feed rate and was moved across the length of the screw at 40% torque corresponding to 350 rpm screw speed. Monofilament obtained from the die head was then passed through a cooling bath using a set of rollers from where it was passed onto a chopping unit which made homogeneous pellets (~ 5 mm long) from it. The pellets were then dried overnight at 75°C to remove the adsorbed water before further processing. The samples were pressed at a pressure of 40 kg/cm 2 for duration of 2 min 30 sec and then allowed to cool down at the same pressure using a cold press which rapidly cooled down the samples to room temperature in approximately 2 mins. The final sample weight was approximately 48 g, with the rest of additive mix lost to overflow of the polymer to the outside of the mould. The twin screw compounding enabled better quality of mixing at low melt temperatures and hence the material degradation was avoided.
Characterization
Morphology was studied by field emission Scanning Electron Microscopy (FE-SEM) using FEI Nova nanoSEM 230 operating in high vacuum mode. Samples were cryofractured using liquid nitrogen and their cross section was examined using an accelerating voltage of 5 kV. The size of the particles from the SEM micrographs was measured using ImageJ software. FTIR analysis was carried out using Thermo Scientific IS10 Nicolet FTIR spectrometer coupled with smart iTR accessory. A total of 64 scans at a resolution of ±2 cm -1 were taken during spectrum acquisition. Vendor provided OMINIC software was used to analyze the results and calculations of the beta phase. XRD analysis of samples was performed at room temperature using X'Pert MRD (Panalytical) between the 2% range of 5-40° at a scan speed of 0.02°/s. A CuK! radiation (& = 0.154 nm) source performing at 45 kV and 40 mA was used. Thermal transitions (crystallization/melting) were studied by DSC analysis carried out in nitrogen atmosphere in the temperature range from 20 to 200°C using a Q20 (TA instrument) apparatus. The weight of the measured samples was kept constant at ~5 mg. Heating and cooling rates were fixed to 10°C/min. Magnetic measurements were performed, using Vibrating Sample Magnetometer (VSM) -Oxford 1.2 H/CF/HT at maximum applied fields of 1 T. For each sample magnetization versus applied field was recorded at room temperature. Electrical/dielectric properties were studied by means of Dielectric Relaxation Spectroscopy (DRS) technique using Alpha analyzer in combination with a Quatro cryosystem for temperature control, both supplied by Novocontrol. Samples of 1 mm thickness were placed between two brass electrodes of 20 mm diameter and inserted as a capacitor in a Novocontrol sample cell. Golden electrodes were sputtered (using a sputter coater EMS 550) on both sides of the samples to assure good electrical contact between the sample and the gold-plated capacitor plates. The complex dielectric permittivity was recorded and measured in a broad frequency ranged from 1 to 10 6 Hz.
3. Results and discussion 3.1. Morphology Figure 1 shows representative SEM micrographs of cryo-fractured surfaces obtained at magnification of 80 000'. Figure 1a shows the micrograph of pure PVDF for comparative analysis. The yellow squares for the samples containing CNT highlight the presence of several individual CNTs in the obtained micrographs (Figure 1b , a-c), indicative of a lack of agglomeration and presence of a good dispersion. It is important to note that the fractured samples were prepared using cryo-fracture and not the tensile fracture, which can sometimes lead to the fibrillation of PVDF and can be often misinterpreted as the CNT. (Figure 1d ).
FTIR measurements
To calculate relative amount of the ( phase in the composite film, FTIR tests for the pure PVDF and nanocomposites were undertaken and results are shown in Figure 2a . The polar ( phase is technolog-ically most interesting as it shows the largest piezoelectric, ferroelectric and pyroelectric coefficients, as well as a high dielectric constant. Various characteristic absorption bands which correspond to the crystalline phases of PVDF systems have been reported [20] [21] [22] , and some of these are present in ( 1) where X ! and X ! are crystalline mass fractions of the ! and ! phases and A ! , A ! correspond to their absorbance at 760 and 840 cm -1 respectively. This relation gives the relative amount of the ! and ! phases in composites assuming that only these phases are present and has been used extensively in the literature. As shown in Figure 2b , the ! content calculated for pristine PVDF samples and PVDF/CNT composite shows a huge increase from approximately 28 to 44%, signifying the effect of CNT in promoting the ! phase crystallization. Similar behaviour has been seen in PVDF based composites prepared by melt compounding, in which the incorporation of CNT produced transformation of the phase into ! phase [26, 27] . Furthermore, the incorporation of Fe 3 O 4 nanoparticles in PVDF/CNT matrix slightly and gradually increases the ! phase up to a maximum value of 51% for the sample with 10 wt% Fe 3 O 4 , while at the highest Fe 3 O 4 content (i.e. 15 wt%) phase decreases to the value of 39%. Adding Fe 3 O 4 nanoparticles was found to result also in ! to ! phase transformation in PVDF matrix [28, 29] . From these results it seems that it is mainly CNT that promote the formation of phase in PVDF nanocomposites, while the influence of Fe 3 O 4 is less but not insignificant. Figure 3a shows X-ray diffractograms of pristine PVDF and PVDF/CNT nanocomposites with 5, 10, and 15 wt% Fe 3 O 4 in the 2% range between 5-40°. The well-known diffraction peaks of ! phase of PVDF appearing at 2% = 17.8, 18.5, 20 and 26.8°, are assigned to the lattice planes of (100), (020), (110) and (021) respectively [30] . Furthermore, for samples containing Fe 3 O 4 the diffraction peak at 30.6°a re assigned to Fe 3 O 4 crystalline plane of (220) [13] . In fact, with the increase in the addition of Fe 3 O 4 , the peak becomes increasingly prominent. Interestingly, when CNT are incorporated in the PVDF
XRD analysis
Tsonos et al. -eXPRESS Polymer Letters Vol.9, No.12 (2015) 1104-1118 matrix, the appearance of a shoulder at 20.6°, attributed to the (110)/(200) planes of the ! phase is observed [31] . The above can be seen more clearly in Figure 3b where a zoom in the 2% range between 12-25° is presented. These findings suggest that the presence of CNT induces the formation of ! phase [32] , in accordance with FTIR analysis. For the determination of the crystallinity from the XRD profiles, the following equation has been used [33] , X c = I c /(I c + I ! ), where I c and I ! are the integrated intensities scattered by the crystalline and the amorphous phases, respectively. The degree of crystallinity of PVDF in the nanocomposites has been evaluated from diffractograms and reported in Table 1 .
Thermal properties
During the first heating scan a double melting peak is observed in all studied samples (Figure 4a ). For pristine PVDF a main peak around 173°C and a shoulder around 166°C were observed. The existence of double melting peak is generally attributed to the presence of crystallites of different thickness, variety of crystallites perfection, re-melting of crystallites formed during heating or existence of polymorphism [13] . When the samples were cooled from the melt, a single crystallization peak was found and the crystallization temperature, T c , of pure PVDF was observed at 138°C. In the nanocomposites, a narrower crystallization peak and a shift of crystallization temperature T c to higher temperatures (~10°C) compared to pure PVDF was detected. Interestingly, T c was found to be independent of the Fe 3 O 4 concentration and their effect is less pronounced as can be seen in Figure 4c . The increase of T c upon addition of CNT is a clear indication of their essence as nucleating agents promoting heterogeneous crystallization, a feature commonly observed in polymer/CNT nanocomposites [34, 35] , while narrowing of the crystallization peak implies a narrower crystallite size distribution [36] . During the second heating scan and after erasing the thermal history of each sample, a single melting peak, independent of the filler concentration, was observed around 173°C, slightly higher in the nanocomposites compared to pure PVDF (Figure 4b ). Melting (T m ) and crystallization (T c ) temperatures together with the melting enthalpies ()" m ) recorded during second heating scan are reported in Table 1 . The degree of crystallinity X c of PVDF is calculated from Equation (2): (2) where )" 0 is the melting enthalpy for 100% ! crystalline PVDF and # is the total weight fraction of fillers in nanocomposites. )" 0 was taken equal to 104.5 J/g. [37] . It should be noted that while DSC could be very accurate in the evaluation of the degree of crystallinity in PVDF, it could not be used in our case to distinguish between different polymorphs, in particular between ! and ! phase. The melting temperatures of crystallite phases are very close and both appear in the range 167-172°C [24] . In addition, when analyzing DSC results in PVDF nanocomposites, further caution must be taken for ascribing the melting peaks to either ! or ! phase, and DSC should be considered as complementary technique to FTIR or XRD, as its features are not only dependent on the crystalline phase, but also affected by crystalline defects which are particularly enhanced by the presence of nanofillers [30] . However, DSC is used to exclude the existence of " phase as no melting peak has been observed at higher temperatures around 179-180°C [38] . Combination of results analysis of all three techniques (FTIR, XRD and DSC) are very informative for the study of the polymorphism and crystallinity in PVDF. FTIR and XRD allowed identifying the different crystalline phases giving a clear evidence of the enhancement of ! phase of PVDF when CNT are incorporated, while DSC was used to evaluate the degree of crystallinity. Figure 5a presents hysteresis loops as recorded at room temperature for polymer nanocomposites, including CNT and Fe 3 O 4 nanoparticles. The hysteresis loops confirm the ferromagnetic behavior of nanocomposites, which is attributed to magnetic nanoparticle content [13] . This magnetic behaviour is also observed in other similar composites systems [14] . Moreover, by increasing magnetite (Fe 3 O 4 ) content a gradual change in hysteresis loops is observed. 
Magnetic characterization

Electrical and dielectric characterization
Figures 6a and 6b show the variation of dielectric permittivity ($*) and dielectric loss ($+) for PVDF and its nanocomposites, as a function of frequency at room temperature. In the low frequency region (1-10 3 Hz) for all the nanocomposites, there is a significant increase of $* values, between two and three orders of magnitude as compared to pristine PVDF samples. In fact, for the PVDF/CNT composite itself, a huge increase is observed from ~8 (at 10 Hz) to 2425 (at 10 Hz), largely due to the interaction between the PVDF and CNT. It is interesting to note that the dielectric permitivitty of the composite is higher than the PVDF matrix (about 10) and of carbon nanotubes alone (about 2000), thereby hinting at the synergistic interactions between them. Accord- ing to the Maxwell-Wagner-Sillars (MWS) effect, when a current flows across the two-materials interfaces, charges can be accumulated at the interface between two dielectric materials with different relaxation times (% = $/&, where $ is the dielectric permittivity and & is the conductivity). As the relaxation time of PVDF is significantly higher than that of CNT, the charge carriers are blocked at the internal interfaces due to the MWS effect, thereby enhancing the dielectric permittivity significantly. Moreover, in the study carried out by Yuan et al. [40] , the formation of donor-acceptor complexes at the PVDF-CNT interfaces was shown to enhance the dielectric permittivity due to MWS effects. tivity values at CNT content above the percolation threshold is related to the presence of a large number of nanocapacitor structures together with a large dipole moment of interfacial polarization wherein the conductive CNT act as nanoelectrodes and the PVDF matrix as nanodielectrics, experiencing interfacial polarization [42, 43] . The charges which are trapped at the nanofiller-polymer interface result in the MWS polarization effect. This leads to enormous increase in the dielectric permittivity and its strong frequency dependence at the low frequency regime.
The distribution of CNT within the insulating polymer matrix, except the formation of donor-acceptor complexes at the PVDF-CNT interface [40] , forms lots of nanocapacitors connected not only in series but also in parallel combinations, while this nanocapacitor's formation can significantly improve the dielectric permittivity of the nanocomposites [44, 45] . Of course, the presence of the magnetite inclusions is expected to affect this nanocapacitors formation. As shown in Figure 6a, In the PVDF-based nanocomposites, overall three relaxations are observed in the dielectric relaxation frequency spectra. From the low -frequencies to the high -frequencies, these relaxations were identified as MWS interfacial polarization, ! c relaxation and ! ! relaxation, respectively. Here, two dielectric relaxations are evident in pristine PVDF at room temperature in the frequency spectra as shown in Figure 6b . The first peak at frequency higher than 1 MHz is the ! ! relaxation, also referred to as the primary relaxation. The frequency limit of the instrument constrained the full view of this relaxation. However, earlier works have confirmed the peak around 1 MHz is related to the micro-Brownian cooperative motions of the main chain backbone and is essentially the dielectric manifestation of the glass transition temperature of the PVDF [46] [47] [48] . The second relaxation peak observed at lower than 10 Hz is the ! c relaxation and is attributed to molecular motions (rotation and twisting with a small lengthwise translation of the crystalline chain) of the PVDF crystalline region [47] . [48] . As seen in Figure 6b , the presence of CNT makes almost the overall frequency spectra to be dominated by the effects related to the DC conductivity, which result in high values of $+. The dielectric losses follow an ' -1 dependence according to $+ = & dc /($ 0 ·'), where $ 0 is permittivity of vacuum and ' = 2"f the angular frequency. In the linear segment of log$+ vs. logf representation of Figure 6b the sample PVDF/CNT/(Fe 3 O 4 ) 10% presents higher losses, while the one of PVDF/CNT the lower. Deviation from the linear dependence ' -1 of the losses $+ is present at higher frequencies in all nanocomposites. Especially, one shoulder is evidence above 100 kHz for the PVDF/CNT/(Fe 3 O 4 ) 10% , and its high values of $+ suggest that it should be related to the motion of charges. The dominant contribution of Ohmic conduction makes difficult to extract information about the characteristics of dielectric relaxations which take place in nanocomposites as a result of nanofillers. One convenient technique to eliminate the contribution of Ohmic conduction is based on the following derivation (Equation (3)) [49] : (3) which yields approximately the dielectric loss for the case of broad peaks. As a result, one can obtain conductivity-free dielectric loss peaks as depicted in the Figure 6c . The losses in PVDF/CNT occupy the whole frequency window with a tendency for saturation at lowest frequencies and a peak could be read at 170 Hz. The sample with the lowest Fe 3 O 4 content also shows a broad peak with maximum value of dielectric loss, $+ max , at frequency 1 kHz. The samples with the highest Fe 3 O 4 concentrations (10 and 15 wt%) show two distinct peaks where the one at high frequency is more dominant. The high frequency peaks are located at frequencies 145 kHz (Figure 6c ), should be related to the MWS interfacial polarization due to the formation of donoracceptor complexes at the PVDF-CNT interface in conjunction with the nanocapacitor structure of CNT and PVDF matrix. At the lower Fe 3 O 4 content (5 wt%), the presence of a broad loss peak at 1 kHz in Figure 6c , suggests that the formation of donoracceptor complexes at the PVDF-CNT interface in conjunction with the nanocapacitor structure of CNT and PVDF matrix, has also the dominant role in the appearance of MWS interfacial polarization mechanism.
On the other hand, at higher Fe 3 O 4 content (10 and 15 wt%) the low frequency loss peaks present a remarkable reduction of dielectric losses ($+ max ) values, which indicate that the presence of Fe 3 O 4 inclusions restrict the contribution of nanocapacitor structure of CNT-PVDF matrix to the formation of interfacial polarization effects. This behaviour is consistent with the insulating effect of Fe 3 O 4 inclusions discussed previously, commenting on the results of Figure 6a . The presence of semi-conductive Fe 3 O 4 , is expected to enhance the complexity as well as the number of interfaces between the components of our ternary system. The appearance of a second loss peak, more enhanced, at higher frequencies in PVDF/CNT/( 5% and PVDF/ CNT exhibit almost the same frequency dependence of dissipation factor at lower frequency region and also present the lower value of 2.7 at 1 kHz.
As one can observe in Figure 6d , one shoulder appears above 10 kHz in both PVDF/CNT and PVDF/ CNT/(Fe 3 O 4 ) 5% . For the same relaxation process the peak in tan ) is shifted at higher frequencies relatively to the one of imaginary part of dielectric permittivity. The relaxation ratio, )$/$ , +1, as well as the distribution parameters of the process will determine how close or far apart the peaks will be [50] . Therefore, the shoulders in tan ) should be related to the relaxation process detected at low frequencies in both nanocomposites (Figure 6c ). The alternating current (AC) conductivity is a proper representation to correlate the macroscopic measurement to the microscopic movement of the charge carriers. Figure 7a shows the AC electrical conductivity of the studied system, which is determined by using the dielectric data as &* = $ 0 $+'. [51] . Electric modulus formalism has been proved very efficient in analyzing dielectric data of polymer matrix nanocomposites. The electric modulus is defined by Equation (4) as the inverse quantity of complex dielectric permittivity [52] : (4) where $*, M* are the real and $+, M+ the imaginary parts of dielectric permittivity and electric modulus, respectively. Figure 7b shows the dependence of M+ as a function of frequency f, at room temperature. In pure PVDF, the peak which appears below 10 Hz is assigned as the ! c relaxation, while the one appearing at frequency higher than 1 MHz is the ! ! relaxation. In nanocomposites the contribution of a high frequency relaxation is dominant, while a shoulder exists at lower frequency range which is more distinct in PVDF/CNT/(Fe 3 O 4 ) 10% . Figure 7c shows the best fitting of the following relation which consists of a sum of a Havriliak-Negami expression (Equation (5)) and a linear term: (5) to the experimental data of PVDF/CNT/(Fe 3 O 4 ) 10% in order to separate these two contributions. The first term of Equation (4) represents the contribution of the lower frequencies relaxation, where )M* = M , * --M s *, M , * = 1/$ , * , M s * = 1/$ s *. % HN is a characteristic relaxation time. ! and * are the Havriliak-Negami shape parameters which correspond to the widening and asymmetry of relaxation times distribution and ' = 2"f the angular frequency of the applied electric field. The second term of Equation (4) represents the linear contribution of the higher frequency relaxation to the log-log frequency spectrum. The 
Conclusions
Nanocomposites consisting of PVDF as matrix, acting as ferroelectric and piezoelectric phase, Fe 3 O 4 nanopowders as magnetic (ferrite) phase and CNT as conductive phase were prepared by the twin screw compounding method. SEM measurements show a good dispersion of nanoinclusions in the PVDF matrix, and only at the used highest Fe 3 O 4 particle concentration agglomerates containing three or more particles were observed. FTIR and XRD measurements provide clear evidence that mainly the presence of CNT induces the formation of ! phase in nanocomposites. According to DSC measurements, the degree of crystallinity is practically unaffected by the addition of CNT for the lowest concentration of Fe 3 O 4 particles. For higher Fe 3 O 4 , content a decrease of the degree of crystallinity is observed. From magnetic measurements, apart from the ferrimagnetic behavior of the prepared nanocomposites, the gradually increase of saturation magnetization values with the magnetite content is confirmed. The overall frequency spectrum is dominated by the effects related to DC conductivity. The removing of the effect of ohmic conductivity, revealed dielectric loss peaks. In PVDF/CNT and PVDF/CNT/(Fe 3 O 4 ) 5% one broad loss peak appears at the low frequencies region. At higher Fe 3 O 4 content, the influence of Fe 3 O 4 nanoparticles in PVDF-CNT matrix gives rise to the existence of a second loss peak, more enhanced at higher frequencies. The high values of both, dielectric losses, $+ max , and dielectric permittivity, $*, suggest that these loss peaks are possible related to the MWS interfacial polarization mechanisms. The first one, at lower frequencies, should be related to the formation of donor-acceptor complexes at the PVDF-CNT interface in conjunction with the nanocapacitor structure of CNT and PVDF matrix. The second one, at higher frequencies, it is possible to be caused by a synergetic effect that occurs between the PVDF-CNT matrix and Fe 3 O 4 inclusions interfaces. However, it should be noted that further investigation is needed to clarify the origin of these two peaks.
Values of dielectric permittivity were significantly enhanced in the whole frequency range due to the presence of both CNT and Fe 3 O 4 . Composites with 10 wt% Fe 3 O 4 , present higher stability in dielectric permittivity values in almost the whole frequency spectrum, a behavior interesting for electronics devices applications. The incorporation of Fe 3 O 4 in PVDF/CNT matrix gradually increases the values of both, dielectric permittivity and DC conductivity, when the content of Fe 3 O 4 is up to 10 wt%. At the higher magnetite content, the role of Fe 3 O 4 as insulating barrier in the PVDF/CNT matrix should be dominant. On the one hand, Fe 3 O 4 nanoparticles it is possible to increase the insulating gaps between CNT which led to a reduction in the dielectric permittivity of nanocapacitors, as well as to the total dielectric permittivity. On the other hand, the possible barrier effect of Fe 3 O 4 nanoparticles restricts the conductive network of CNT and as a result reduces the DC conductivity. PVDF/CNT/Fe 3 O 4 ternary composites constitute a very promising system with large potential in diverse fields since combines and matches together piezoelectric, electrical, dielectric and magnetic properties.
